. Errors were subsequently identified. This notice is included in the online and print versions to indicate that both have been corrected [March 30, 2012].
Chronic stress places caregivers at a higher risk for developing depression. On average, the incidence and prevalence of clinical depression in family dementia caregivers approaches 50% (Lavretsky, 2005) . Caregivers are twice as likely to report high levels of emotional distress (Lavretsky, 2005) . The trend of impaired resilience to stress with advancing age indicates an increased rate of cardiovascular disease and mortality. Although the relation between mental and physical health has been previously documented, the mechanistic links are beginning to be understood at the cellular level (Miller et al., 2009) . Telomere length has recently been proposed as a useful 'psychobiomarker' linking chronic psychological stress and diseases in aging (Epel et al., 2006) . A telomere is a region of repetitive DNA sequences at the end of a chromosome, which protects the end of the chromosome from deterioration. Shortened telomere length and reduced telomerase (the cellular enzyme primarily responsible for telomere length and maintenance) are associated with premature mortality and predict a host of health risks and diseases (Lin et al., 2009) , which may be regulated in part by psychological stress (Epel et al., 2004; Ornish et al., 2008; Epel et al., 2009) . Over the long term, high telomerase likely promotes improvement in telomere maintenance and immune cell longevity (Jacobs et al., 2011) . Although the link between replicative senescence and exhaustion that control T-cell proliferative activity and function is still not clear (Akbar and Henson, 2011) , the change in these parameters in the context of randomized mind-body interventions is of interest. A recent study (Jacobs et al., 2011) showed that meditation and positive psychological change was associated with higher levels of telomerase activity.
Many of the existing psychosocial interventions for caregiver stress and depression show only modest benefits in caregiver outcomes (Lavretsky, 2005) . In our recent study of dementia caregiver depression, we demonstrated greater improvement in depression and resilience with the standard antidepressant treatment using escitalopram compared with a placebo (Lavretsky et al., 2010) . However, many caregivers may be opposed to the use of medication because of the associated cost and drug side-effects and prefer to use complementary and alternative medicine for stress reduction. These considerations motivated us to test a brief mind-body intervention for stress reduction. We performed a randomized pilot study of Kundalini yoga Kirtan Kriya meditation compared with passive relaxation with listening to instrumental music for 12 min per day for 8 weeks. The relaxation control group was selected to test whether relaxation response was responsible for the effect of Kirtan Kriya on distress and cognition in caregivers, in which case both groups would have similar outcomes. Two prior studies indicated changes in the brain blood flow with Kirtan Kriya (Khalsa et al., 2009; Newberg et al., 2010) . However, it is unclear whether there are any other mechanisms that contribute to the meditation response compared with relaxation.
We hypothesized that Kirtan Kriya practice will result in improved levels of primary (i.e., mental health and depression) and secondary outcomes (i.e., cognition) compared with passive-listening-to-music relaxation in an 8-week intervention study. We also anticipated that meditation would increase telomerase activity as compared with the relaxation based on prior findings that caregiver stress is associated with cellular senescence , and that a meditation intervention can increase telomerase levels (Jacobs et al., 2011) . The primary outcome was identified as response with 50% improvement in the Hamilton Depression Rating Scale score (HAMD) (Hamilton, 1960) and in the Mental Health composite summary score (MCS) of the Medical Outcomes Study Short Form 36-Item Health Survey (SF-36) (Ware and Sherbourne, 1992) , an instrument that measures mental and physical functioning.
Methods
Over a period of 12 months, we screened a total of 69 family caregivers and recruited 49 family caregivers (45-91 years of age, two men, 36 adult children, 13 spouses) who were taking care of their relatives with dementia. After completing a full description of study to the subjects, written informed consent was obtained in accordance with the procedures set by the UCLA Institutional Review Board.
Potential subjects were required to be adult or older caregivers of patients with dementia being evaluated by the geriatric psychiatry and memory clinics. In addition, the subjects were identified by the patient or clinical staff as the primary source of assistance and/or support and were in contact with the dementia patient at least three days per week. First, subjects were screened using the Structured Clinical Interview for the DSM-IVR (SCID) was administered by a single rater (HL) to exclude those with major depressive disorder because of the restriction on psychotropic drug use or any other treatment for depression (Spitzer et al., 1992) . The Hamilton Rating Scale for Depression (HAM-D-24 item) was used to rule out major depression that would require other treatment modalities (Hamilton, 1960) . Those who had scores between 5 and 17 signifying mild-to-moderate levels of depressive symptoms were invited to participate in the trial. Lastly, a score of 26 or higher on the Folstein Mini-mental State Examination (MMSE) was required for inclusion (Folstein et al., 1975) . Exclusion criteria were: (i) a history of any other psychiatric illness; (ii) alcohol and/or substance abuse or dependence; (iii) severe or acute medical illness; (iv) acute suicidal or violent behavior; and (v) any other central nervous system disease or dementia.
Procedures
All subjects were randomized using a computergenerated randomization table by a masked statistician to participate in either Kirtan Kriya practice or a relaxation practice for 12 min per day for 8 weeks. The protocol for Kirtan Kriya is standard for the Kundalini Yoga practice as taught by Yogi Bhajan that was utilized in the previous studies in older adults (Newberg et al., 2010) . We assessed the severity of depressive symptoms, mental and physical functioning and cognition at baseline, at the end of the 8-week study, or upon early termination. In addition to the treatment protocol, all caregivers also received psychoeducation about the course and prognosis of dementia and about caregiver health, which was intended to address identified shortcomings in the care of their care-recipients.
Intervention protocol
We provided samples of both the meditation and relaxation CDs during screening visits to assess if subjects were amenable to the interventions. Only subjects who were comfortable with either intervention and agreed to participate were recruited.
Meditation group procedures
Meditation was introduced to caregivers during their baseline visit. A brief 12-m yogic practice included an ancient chanting meditation, Kirtan Kriya, which was performed every day at the same time of the day for a total of 8 weeks, based on a utilized and previously tested protocol with recorded CD (Newberg et al., 2010) . The meditation involved repetitive finger movements or mudras, as well as chanting of the mantra 'Saa, Taa, Naa, Maa,' meaning 'Birth, Life, Death, and Rebirth' that are chanted first aloud, then in a whisper, and silently for the total of 11 min with 1 min allocated to 'tuning in' at the beginning and the final deep breathing relaxation accompanied by the visualization of light ('Alzheimer's research & prevention foundation: Arpf research: Kirtan kriya', 2011).
Relaxation group procedures
Participants in the relaxation group were asked to relax in a quiet place with their eyes closed while listening to the instrumental music on the relaxation CD for 12 min every day at the same time for 8 weeks. The music was provided to the subjects on a CD along with instructions to find a quiet place without distractions and close their eyes and try to relax. The choice of control was motivated by the intention to test whether relaxation response was solely responsible for the effect of meditation. Because Kirtan Kriya involved melodic chanting, we chose to control with relaxation while listening to instrumental music. Compliance and satisfaction with either intervention were monitored at each visit by direct interview and review of daily diaries documenting the length of and adherence to the practice.
Assessment instruments
Several instruments were used to assess psychological distress and coping. MCS score was assessed by using the Medical Outcomes Study SF 36-Item Health Survey (Ware and Sherbourne, 1992) , an instrument that measures health-related quality-of-life, mental, physical, and social functioning. The Hamilton Rating Scale for Depression (HRSD-24 item) (Hamilton, 1960) was used to quantify mood symptoms.
The remaining instruments were used to compare groups at baseline. Cognitive performance was measured by the MMSE (Folstein et al., 1975) . The Cumulative Illness Rating Scale (Miller et al., 1992) was used for rating global chronic medical illness burden.
Cognitive functioning
We administered a brief neuropsychological assessment battery that measured the domains likely to show impairment in geriatric depression. The battery was comprised of the following instruments: California Verbal Learning Test II (CVLT II) (Delis et al., 2000) , to test verbal memory, Trail Making A (Reitan, 1958) to test attention and speeded information processing, and Trail Making B to test executive function.
Blood sample collection, PBMC isolation, and telomerase extract preparation
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized whole blood by density gradient separation (Ficoll-paque PLUS), then washed three times in phosphate-buffered saline. Live cells were counted by Trypan Blue dye exclusion using a hemocytometer. Extracts corresponding to 5000 live cells/mL were made based on the protocol provided in the TRAPeze telomerase detection kit (Chemicon, Temecula, CA, USA). The extracts were frozen and stored at À80 C, then shipped on dry ice to the University of California, San Francisco Blackburn Laboratory for analyses.
Telomeric repeat amplification protocol
Quantification of telomerase activity was measured from the extract using the telomeric repeat amplification protocol (TRAP) as previously described witha commercial kit according to the kit manual (TRAPeze W ). Between 2000 and 10 000 cells were used for TRAP reactions to ensure that the assay was in linear range for each sample (Lin et al., 2009) . The polymerase chain reaction program used was: 94 C for 2 min; 94 C for 30 s, 59 C for 30 s for 30 cycles. The products were fractionated on a 10% polyacrylamide-8 M urea sequencing gel and scanned on a STORM 860 molecular imager (GE Healthcare, Piscataway, NJ, USA). The 293 T cell line was used as a positive telomerase activity control and reference standard. Telomerase activity was quantified using the software ImageQuant 5.2 (GE Healthcare, Piscataway, NJ) as previously described (Lin et al., 2010) , which reports activity per 10 000 cells.
Statistical analysis
All data were entered into the database at the time of their collection. The participants in the two treatment groups were compared on all demographic and clinical measures at baseline to assess the success of the randomization procedures using chi-square tests for the categorical measures and two-sided t-tests for the continuous measures.
Mental health, the primary outcome, was compared using two measures-the Mental Health Scale of the SF-36 and HAM-D. Subjects who improved by 50% or more in the Mental Health Scale of the SF-36 and HAM-D were classified as responders. Fisher's exact test was used to test response in the meditation group compared with the relaxation group. Cognition, the secondary outcome measure, was analyzed using a multivariate analysis of covariance (MANCOVA; controlling for age) with the MMSE score, Trail Making A (time), Trail Making B (time) and CVLT (long delay cued recall) as the dependent variables. If the MANCOVA was significant, analyses of covariance (ANCOVAs) were performed to determine which, if any, individual measures contributed to the significant difference. As exploratory studies, changes in telomerase levels in the two groups were analyzed using a separate ANCOVA, controlling for age. We also explored the association between changes in telomerase with changes in depression and health functioning using Pearson correlation coefficients. Significance was set at p ≤ 0.05. Two-sided p-values are reported for all baseline comparisons; and in keeping with the directional hypotheses of the study, one-sided p-values are reported for all the univariate tests pertaining to change scores.
Results
Of 49 recruited subjects, 45 were randomized and 39 (80%) completed the intervention: 23 subjects in the meditation group and 16 subjects in the relaxation group. Total of 10 subjects (20%) dropped out: four dropped out prior to randomization and postrandomization, four dropped out from the relaxation group and two from the meditation group. Dropouts in either group occurred because of lack of interest in the intervention or inability to commit to the study schedule (Figure 1) , and did not differ from the participants on any characteristics. Table 1 presents the baseline demographic and clinical characteristics of the completers in the two subject groups.
The groups did not differ on any of the baseline characteristics with the exception of body-mass index (BMI). The meditation group had lower mean BMI of 23.5 (SD = 2.5) compared to the relaxation group 29.4 (6.9) (t = À3.8; p < 0.01). Because of the significant group difference in BMI, we investigated whether BMI was associated with any of the outcome measures (mental health, depression, cognition and telomerase activity) at baseline. None of the measures were correlated with BMI at baseline (all p-values > 0.1). Hence, given these results and the fact that the intervention was not designed to target physical activity nor BMI, we did not control for BMI in further analyses that examined change in outcomes during the treatment trial. The groups did not differ on the time spent in support or the psychoeducation activities. Age was the only demographic variable that correlated with the outcome measures (age was associated with cognitive measures at baseline, p < 0.001-0.0001); hence, age was used as a covariate in the analyses.
Mental health. As indexed by a response of 50% or greater improvement on the MCS score of the SF-36, 12 subjects (52.2%) responded in the meditation group, whereas three subjects (18.7%) responded in the relaxation group (p = 0.02, one-tailed Fisher's exact test). Similarly, for HAM-D, 15 subjects (65.2%) responded in the meditation group, whereas five subjects (31.2%) responded in the relaxation group (p = 0.03, one-tailed Fisher's exact test).
Cognition. The MANCOVA showed significant group differences in change of cognition (F(4,33) = 3.82, p = 0.01). Individually, the MMSE total and Trail Making B (time) showed significant improvement in the meditation group compared with the relaxation group ( Table 2) .
Telomerase activity. The meditation group showed 43.3% improvement in telomerase activity compared with 3.7% improvement in the relaxation group (Figure 2) . ANCOVA controlling for age revealed a significant increase in telomerase activity from baseline to post-intervention in the meditation group versus the relaxation group (F(1,33) = 2.75, p = 0.05; Table 2 ).
Significant correlations were found between increased telomerase activity, a decrease in levels of depression (r = À0.33; p = 0.05), and mental health score of SF-36 (r = 0.44; p = 0.01; Figure 3 ) in the full sample. The association of increased telomerase activity with an improved mental health score was significant only in the meditation group (r = 0.59; p = 0.01); this finding was not significant in the relaxation group.
Discussion
Our study is the first to investigate the efficacy of daily practice of Kirtan Kriya to improve: (i) depressive symptoms; (ii) mental health; (iii) cognition; and (iv) telomerase activity in family dementia caregivers with mild depressive symptoms in a randomized controlled study [Correction made here after initial online publication.]. One prior pilot study used yogic meditation and mindfulness to improve coping, but in comparison with our study, no biological or cognitive correlates of stress reduction were reported. (Oken et al., 2010) . Despite the fact that caregivers in our study had higher levels of distress and mild depressive symptoms compared with other studies of caregiver stress (Teri et al., 1992; Roth et al., 2003) , we found an improvement across measures of mental health and cognitive functioning, psychological distress, and telomerase activity in caregivers performing daily Kirtan Kriya compared with the relaxation group. Multiple psychosocial intervention studies aimed at decreasing the burden of caregiving have shown that they can enhance mental health. The effects of psychosocial interventions vary greatly (Sorensen et al., 2002) and rarely include biological measures of stress-response (Wisniewski et al., 2003) . In the recent meta-analysis, Pinquart and Sorensen (2006) integrated the results of 127 intervention studies with dementia caregivers published or presented between 1982 and 2005 (Pinquart and Sorensen, 2006) and demonstrated small effects on caregiver burden, depression, and subjective well-being. Given the magnitude of the caregiver burden, it is surprising that very few interventions translated into clinical practice. The financial burden of complex psychosocial interventions in the community is one of many explanations for the lack of translation into community practice. Our study suggests a low-cost behavioral intervention that can enhance coping and quality of life of the caregivers. A few relatively small pilot studies evaluated the effects of meditation on caregiver stress with reported improvement in coping. In a study similar to ours, Oken et al. (2010) reported the results of a pilot randomized trial of a Mindfulness-Based Cognitive Therapy program in the two active comparison groups and a respite-only group serving as a pragmatic control (Oken et al., 2010) . The investigators reported a significant effect on levels of distress, with both active interventions showing improvement compared with the respite-only group. Franco et al. (2010) reported the effects of a mindfulness development meditation program on psychological discomfort and burden in 36 family dementia caregivers (Franco et al., 2010) . Oman et al. (2008) reported positive effects in self-efficacy assessment by professional caregivers after spiritual wisdom-based mindfulness training (Oman et al., 2008) . Finally, Waelde et al. (2004) reported the effects of a six-session manualized yoga-meditation program in 12 older female dementia family caregivers (Waelde et al., 2004) with significant reductions in depression and anxiety and improvements in perceived self-efficacy. To summarize, all of the recent pilot studies were more limited in assessing multifaceted outcomes of mindbody interventions on caregiver stress and did not report the biological and cognitive correlates of stress reduction in dementia caregivers compared with our study.
Very few studies evaluated cognitive impairment among caregivers and converged to suggest that chronic stress of caregiving can have a negative effect on cognition. Stress and sleep deprivation can impair cognitive abilities, ranging from attention to implicit and procedural learning and episodic memory (Lupien et al., 2005) that may reduce the caregivers' ability to monitor their performance (Mackenzie et al., 2007) . Our study found beneficial effects of meditation on the global measure (MMSE) and on measures of attention and executive function (Trails B) compared with the effects of relaxation. In support of cognitive changes with meditation, there is an increasing literature of structural and functional neuroimaging identifying regional changes with meditation (Lazar et al., 2000; Lazar et al., 2005; Luders et al., 2009; Lutz et al., 2009; Slagter et al., 2009; Davidson, 2011; Holzel et al., 2011a; Holzel et al., 2011b; Kerr et al., 2011; Luders et al., 2011) . Cellular mechanisms of mind-body interventions are only beginning to be understood (Miller et al., 2009) . The relationship between telomere-dependent senescence, telomerase and stress remains a subject of debate (13). It has been observed that psychological stress can boost inflammation and oxidative stress (Epel et al., 2004) , as well as accelerate telomere attrition. Chronic stress has been linked to telomere length and telomerase activity (Epel et al., 2004) . Shortened telomere length and reduced telomerase predict a host of health risks and diseases (Lin et al., 2009) , and new findings suggest they may be regulated in part by psychological stress, stress appraisals, and well-being (Epel et al., 2004; Epel et al., 2009) . Jacobs et al. (2011) reported increased telomerase activity in 30 meditation retreat participants with a 6-h daily meditation practice for 3 months compared with 30 wait-list control participants matched by age, sex, and prior meditation experience (Jacobs et al., 2011) . Our study is the first to indicate changes in telomerase levels in distressed caregivers with Kirtan Kriya meditation. In our study, BMI was not related to telomerase activity at baseline and BMI did not change during the short period of the intervention. Nevertheless, we explored any potential role of baseline BMI. Higher BMI at baseline related to a decrease in telomerase in the control (relaxation) group, but did not contribute to changes in telomerase found in the meditation group. With this small sample, it is difficult to infer whether obesity indeed affects telomerase dynamics over time, but this is an important question for future studies.
In comparison to previous reports, our pilot results are striking given a brief daily Kirtan Kriya practice can lead to improvement in mental health, cognition, and telomerase activity over the course of 8 weeks. Observed close relationships between changes in telomerase levels, levels of depression, and anxiety and distress are novel and deserve further examination. Controlling for relaxation by the virtue of having the relaxation control group, gave us an opportunity to separate the effects of relaxation on outcomes from other meditation-specific effects. Some of the observed effects could be due to the relaxation response in both groups (e.g., improved depression), whereas the effects on cognitive and mental functioning and telomerase activity (Epel et al., 2004) were specific to the Kirtan Kriya. Because Kirtan Kriya had several elements of using chanting, mudras, and visualization, there was a 'brain fitness' effect in addition to stress-reduction that contributed to the overall effect of the meditation. We will confirm this potential mechanism in the follow-up neuroimaging study of Kirtan Kriya.
One might consider the characteristics of our samples as the limitations of the study that includes a mixed and relatively small sample size of adult children and spousal caregivers. On the other hand, this sample is representative of community caregivers. Other limitations of our study include the relatively large number of assessment instruments given the relatively small pilot sample that may introduce the possibility of finding a significant difference by chance alone, especially with respect to telomerase levels. Although not statistically significant, the relaxation group had higher medical burden compared with the meditation group that may have contributed to the group differences in outcomes. Nevertheless, we are encouraged by the overall pattern of improvement in distress, cognition, and inflammatory biomarkers, as well as an observed close relationship between changes in these variables. Our approach, may offer valuable and cost-effective prevention strategy of treating depressive symptoms in a highrisk population for major depression. Cultural acceptability of a particular mind-body technique to an individual is a limitation among older participants and has to be carried out with cultural sensitivity. Our results will need to be replicated in a larger sample to document the effects of mind-body approaches on stress reduction and depression prevention in this difficult-to-manage population.
Key points
• This study examined the effects of brief daily yogic meditation, Kirtan Kriya, on mental health, cognitive functioning, and immune cell telomerase activity in 39 family dementia caregivers with mild depressive symptoms [Correction made here after initial online publication.].
• This pilot study found that brief daily meditation practices by family dementia caregivers can lead to improved mental and cognitive functioning and lower levels of depressive symptoms. This improvement was accompanied by an increase in telomerase activity suggesting improvement in stress-induced cellular aging.
